diet (fish is the first source of animal protein for the Ivorian and its consumption is estimated at 15 kg/inhabitant/year) [15] . Current bibliographic data available in Côte d'Ivoire concerning organochlorine pesticides are mostly about annuity products such as coffee, cocoa, cotton, kola nuts, milk and milk products [8, 12, 16] . As of now, only few studies concerning residual organochlorine pesticides in the aquatic environment in Côte d'Ivoire have been undertaken [10, 17] . Therefore, this study contributes critically to the study of food contamination by pesticides in Côte d'Ivoire. It answers the concern of updating data relevant to the presence of organochlorine pesticides in the aquatic environment in general, and in fish, in particular.
MATERIAL AND METHODS Sampling
Sampling was done on three fishing sites (Vridi port, Abobo-Doumé and Port-Bouët) and two markets (Adjamé and Marcory) in the city of Abidjan. These sites were selected according to the significance of the turnover realized by fishermen and fish sellers. Sampling focused on five fish species among the most consumed by the local population: carp (Plectorbiuchus mediterraneus), catfish (Chrysichthys spp), sardine (Sardinella aurita), mackerel (Scomber japonicus) and tuna (Thunnus obesis). Five fish batches per site containing 25 different samples of fish (head, flesh, viscera and whole fish gutted innards) were collected for analysis. A total of 100 samples were analyzed in triplicate.
Reagents
Hexane 95% and deionized water of analytical grade provided by SDS and a mixed standard solution of 16 
Instrumentation
The apparatus used was a Gas Chromatograph (GC) from Agilent Technologies 6890N mark, including an Agilent automatic injector 7683, two microelectrons capture detectors (µECD), and two capillary columns of Zebron (ZB-5MS and ZB-1701P; 30 m x 0.25 mm x 0.25 µ m). This apparatus was monitored by a computer equipped with ChemStation plus software, version 2002. The injection was done in Splitless mode and Nitrogen N50 was used as vector gas. The operating conditions of GC were: inlet temperature 250°C, detectors temperature 310°C and injected volume 2 µL. The oven analytical conditions are presented in Table 1 .
Extraction of pesticides
The samples, previously dried in an oven at 60°C for 48 hours, were crushed in Moulinex robot then homogenized. Next, 5 g sample powder was introduced in a centrifuge tube. Thereafter, 5 mL of isooctane and 15 mL of deionized water were added and the tube was shaken for 10 minutes at Top-Mix, then it was subjected to a centrifugal action for 10 minutes at a speed of 3500 revolutions per minute by a Dynac centrifuge. After that, 2 mL of supernatant were filtered on a cartridge containing 300 mg of florisil then eluted with 2 mL of a mixture of isooctane/diethyl ether (V/V; 85:15 mL). The resulting solution was concentrated up to 1 mL in a vial with nitrogen and stored in a refrigerator at 4°C before analysis. Each sample was analyzed in triplicate.
Validation procedure of the results
The quality control of GC and pesticides extraction was determined according to the International Standard Organization (ISO) method and included study of linearity, repeatability, detection limits, reproducibility, and extraction yield [18] 
Assessment of dietary intake of organochlorine pesticides
The appraisal of dietary intake was based on comparison of the Tolerable Daily Intake (TDI) established by the Joint FAO/WHO Expert Committee with the pesticide Daily Intake of a Great Consumer of fish (DIGC). The rule is that if a great consumer of fish is not exposed to health risks, the other individuals are not. The tolerable daily intake is a dose expressed according to the body weight and it alludes to the amount of a compound that can be ingested by an individual over a lifetime without appreciable health risks [19] . According to data by the Joint FAO/WHO Expert Committee, a great consumer of fish ingests at least 150 g of fish daily [20] . This figure times the total average concentration of a given pesticide equals the DIGC for this compound.
Statistical analysis Statistical methods for the validation procedure
The average concentrations of pesticides were calculated with their standard deviations. The repeatability and reproducibility were assessed after the calculation of variation coefficients. The Pearson correlation coefficient was also calculated to assess linearity. The extraction yield was deduced in comparison with the amount of pesticide added to the test solution.
Statistical method for the analysis of pesticides concentrations in samples
The criterion used to describe the level of samples contamination was the total concentration of organochlorine pesticides, calculated according to the collected fish species, the sampled parts of the fish and the sampling sites. The total concentration was obtained by summing the average concentrations of detected pesticides. The variability of total concentrations of organochlorine pesticides was studied by a oneway analysis of variance (species collected, sampled parts and sampling sites) that was performed according to the method ANOVA using the SPSS 12 software. The total average concentrations of pesticides were compared by the method of the least significant difference (p<0.05).
RESULTS

Validation procedure of the results
The detection limit of the 16 organochlorine pesticides considered was 2 µg.L -1 . The variation coefficients obtained for repeatability were between 1.0 and 1.6% and 2.4 and 4.2% for reproducibility. The extraction yields ranged from 94 to 97%. The limit of detection was 2 µg.L -1 and the limit of quantification was 2.5 µg.L -1 .These results account for the accuracy of the gas chromatography technique used and the reliability of data obtained (Table 2) .
Pesticides concentrations in fish samples
Fish species and sampled parts collected for analysis were slightly contaminated by organochlorine pesticides. The average pesticides concentrations found in the samples ranged from 0.4 to 14.4 µg/kg of fresh product (Table 3) . Of the 16 organochlorine pesticides considered, five were not present in any sample of fish. The 11 pesticides found in the samples were lindane and its isomers (α, β and δ-HCH), heptachlor, epoxide heptachlor, aldrin, endosulfan II, endrin, DDD and methoxychlor. Of the 100 samples analyzed, 36 contained at least one of these 11 pesticides. DDD, heptachlor and δ-HCH were the most frequent pesticides in samples (Fig. 1 ).
Figure 1: Incidence and amount of organochlorine pesticides detected in fish samples analyzed by gas chromatography
Contamination of sampled parts taken from fish Heads (26.6 µg.kg -1 of fresh product) and viscera (19.8 µg.kg -1 of fresh product) were the most contaminated parts of fish species collected (Table 4) . Organochlorine pesticides are lipid soluble compounds that naturally gather at the heads and viscera that appear to be richer in lipids. In fact, distribution of contaminants in the body depends on the lipid concentration of the different organs [21] .
Contamination of the sampling sites
Vridi port (pesticides concentration: 24.4 µg.kg -1 of fresh product) and Port-Bouët (pesticides concentration: 23 µg.kg -1 of fresh product) are the sites from where the most contaminated samples were collected (Table 5) . Indeed, fish collected from both sites reflected the actual contamination level of the Ivorian coastline whereas on the other sites, the contamination level was diluted by species from different origins.
The variability of total concentrations of organochlorine pesticides studied by a oneway analysis of variance revealed a significant difference (p<0.05) between the sampling sites, between the species and between parts of fish ( Table 6 ).
Evaluation of health risks for consumers
Risks associated with the consumption of the collected species Levels of organochlorine pesticides in the collected species were below the Maximum Residues Limits (MRL) established by the Joint FAO/WHO Experts Committee for fishery products (Table 7) . According to this, the species considered could be marketed. However, their consumption contributes to the daily intake of a great fish consumer in proportions that ranged from 0.02 to 21%. Endrin and heptachlor showed the highest percentage contributions. Indeed, the consumption of mackerel, carp and catfish contributed, respectively to 12, 20 and 21% of the Tolerable Daily Intake (TDI) in heptachlor while the consumption of tuna contributed to 17.8% of the TDI in endrin. All these fish species (mackerel, carp, catfish and tuna), readily available in most restaurants, are very much appreciated by all social strata in Abidjan. Tuna especially is essential for the concoction of Garba, one of the most appreciated meals in Côte d'Ivoire. Thus, the potential risks in case of a significant contamination would affect a large proportion of the population and specifically the most underprivileged. Except for endrin and heptachlor, the fish species consumption did not pose a health hazard.
Associated risks with the consumption of the edible parts
The consumption of the edible parts (heads and flesh) contributed to the daily intake of organochlorine pesticides of a great fish consumer at proportions between 0.03 and 16.8%. The contribution of the heads and flesh to Tolerable Daily Intake in heptachlor (respectively 15.9 and 10.5%) and in endrin (respectively 16.8 and 13.5%) were the most significant. The consumption of the flesh lessens the daily intake in endrin and heptachlor, respectively by 5.4 and 3.3%. Therefore, when it comes to choosing what part of the fish to consume, it seems less hazardous to eat the flesh rather than the heads of the fish species collected (Table 8) .
DISCUSSION
The catfish, with a total average concentration of 27.4 µg.kg -1 of fresh product, was the most contaminated species considered in this study. Organochlorine pesticides tend to accumulate in living organisms especially in aquatic organisms and they substantially settle on the sediments [10] . The catfish is a freshwater species whose habitat is at the level of sediments where it gets most of its food [22] . Thus, this fish and the freshwater species are naturally more exposed to contamination by organochlorine pesticides. The species collected were mostly contaminated by HCH (alpha, beta, delta and gamma), cyclopentadienes (aldrin, endrin, heptachlor and epoxide heptachlor) and DDD. The total average concentrations of these compounds were, respectively 31.3, 29.9 and 15.7 µg.kg -1 of fresh product. DDD, like DDT from which it derives by degradation, is highly soluble in lipids and more accumulated in aquatic organisms [23] . The low concentrations of lindane are due to its quick breakdown by aquatic organisms [24] . ). The levels of contamination of the species they analyzed are above those established in the study. The high concentrations of organochlorine pesticides in Buyo Lake species can be explained by the location of this lake in an area where cocoa and coffee plantations are prevalent. Such plantations are known to use huge amounts of organochlorine pesticides [8] . Another study by Marchand and Martin revealed a sizeable contamination of sediments in the Ebrie lagoon in Abidjan with DDD rather than DDT, demonstrating in this way a decreasing contamination by DDT [10] . Data from the present study seem corroborating the downwards trend of contamination of the aquatic environment in Abidjan by DDT. However, as suggested by Benbakhta the presence of DDD in all fish species collected in the markets of Abidjan originates from an ancient contamination with DDT, which gradually breaks down into DDD [19, 25, 26] .
CONCLUSION
This study revealed a contamination of fish sold in markets and fishing sites in Abidjan by organochlorine pesticides, but not at risky levels. However, given that these toxic compounds are stable, soluble, and persistent in the environment, their presence in food, even in trace amounts, should be avoided. Furthermore, exposure to organochlorine pesticides is not only due to fish consumption. Consequently, in order for this study to be more informative and exhaustive, it would be helpful to extend it to the whole country and to other pesticides and foods. All these approaches will reveal the actual global exposure level of the Ivorian population to pesticides in order to assess short, medium and long term health risks. Preventive safety measures could be taken up accordingly. 
